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ABSTRACT 
 
Climate change is expected to increase earth’s temperatures and consequently result in more frequent 
extreme weather events such as cyclones, storms, droughts and floods and rising global sea levels. This 
phenomenon will affect all assets. This paper discusses the impact of climate change and its consequences on 
public buildings. Public building management encompasses the building life cycle from planning, 
procurement, operation, repair and maintenance and building disposal.  
This paper recommends climate change adaptation strategies to be integrated into public building 
management. The roles and responsibilities of asset managers and users are discussed within the framework of 
planning and implementation of public building management and the integration of climate change adaptation 
strategies. A key point is that climate change can induce premature obsolescence of public buildings and 
services, which will increase the maintenance and refurbishment costs. This in turn will affect the life cycle 
cost of the building. Furthermore, a business continuity plan is essential for public building management in the 
context of disasters. The paper also highlights the significant role that the occupants of public buildings can 
play in the development and implementation of climate change adaptation strategies.   
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management  
 
1. INTRODUCTION 
 
Climate Change is influenced by human activities which are predicted to result in changes to weather 
patterns over the long-term and it is widely accepted as the key global challenge. The Intergovernmental Panel 
on Climate Change states that global warming is caused by ‘human-made’ greenhouse gas emissions1). As a 
result, land and oceans temperature are expected to increase. Consequently, there will be changes in the 
frequency of extreme weather events such as cyclones, storms, droughts and floods and rising global sea 
levels2). Since mitigation initiatives such as emissions reduction are proving to be inadequate to reduce the 
accumulation of greenhouse gases in the atmosphere, global warming and climate change are inevitable. 
Consequently the emerging issue is not just climate change mitigation, but also adaptation to climate change. 
The Climate Change Review undertaken by Garnout stated that beyond reasonable doubt that new data and 
analysis confirm the inevitability of climate change3).  
This paper focuses on public asset management concepts being applied to public buildings in the context of 
climate change. The focus of this paper includes buildings owned or managed by various levels of government 
such as office buildings, schools, hospitals and housing. The stakeholder roles and responsibilities in public 
building management are discussed. In addition, the discussion on public building management has been 
widened to encompass the issues inherent to climate change adaptation. As any strategy will not be universally 
applicable for all conditions, this paper will focus on public building management as a focus for the 
exploration of interactions among stakeholders. 
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2. PUBLIC BUILDING MANAGEMENT 
 
Public asset management and in particular public building management concepts are discussed in this 
section to provide the underpinnings for the climate change adaptation strategy. The best management of 
public buildings4), which is part of the government’s asset portfolio can improve quality of services to meet 
public needs and expectations5). Public building management which includes both strategic and operational 
components for the whole life asset management process is also discussed below. 
Past researchers have recommended that property asset management should include a structured, holistic 
and integrated approach in order to align and over time to meet an organisation’s objectives4); 5); 6); 7). For 
example, the University of Leeds has used a whole life asset management and value based thinking which 
include corporate strategic direction as the basis for asset management and service delivery4). 
In this holistic process as illustrated in Fig. 1, public asset management entails four stages of an asset life 
cycle. This includes: (1) planning; (2) procuring; (3) utilising (operational); and (4) disposal8). In the asset 
planning process, property asset management has been placed under the approach of strategic asset 
management. In this planning stage, public building managers will need to include not just good design but 
also build ability, maintenance and overall cost for the whole life cycle of the building. In the procurement 
stage, public building managers will need to consider the operation and disposal plan prior to the purchase of 
any asset9).  
 
 
 
 
 
Fig.1 Public Asset Management Process8)  
 
In the operational stage, the building will need to have ongoing preventive maintenance and repairs to 
ensure that it will be able to deliver the expected service. However, governments are faced with shrinking 
budgets while at the same time, having to provide the most suitable facilities to support core service delivery 
requirements10); 11). The budget constraints are ever worsening compounded by the increasing demand for the 
availability of high quality public services. Furthermore, the demand for the provision of high quality of public 
services will continue to increase over the long term as a result of climate change impacts and the 
accompanying detrimental impacts on the community.  
Considering the important role played by public buildings in society, a formal performance measurement 
system needs to be developed and implemented to assist performance improvement of public buildings12). The 
measurement of performance has become an essential element of the strategic thinking of asset owners and 
managers. The measurement of performance should include both, physical and functional characteristics of the 
building. In addition, the continuation of service or business continuity is an essential factor for measuring the 
performance of public buildings7). The business continuity strategy is a critical requirement particularly in the 
case of extreme weather events which are expected to increase in frequency due to climate change.  
In relation to performance measures, the key performance indicators can be classified into three categories: 
efficiency; environmental sustainability; and effectiveness13); 14). Efficiency is commonly measured as cost per 
person includes space requirements. Environmental sustainability is measured on the basis of sustainable 
features such as carbon emission reduction measures, water and energy conservation measures and solid waste 
recycling. In addition, climate adaptability also needs to be included in measuring the performance of assets. 
Effectiveness is measured by the facilities available and their functionality, flexibility, compliance, fit within 
the workplace environment and health and safety practices.  
Some researchers15); 16); 17) argue that citizen perceptions, preferences and evaluations are also important 
measures of performance of public organisations. In the case of a private sector organisation, the opinion of 
clients and their satisfaction on service quality are critical factors16). Managers can obtain information about 
the nature and extent of the needs of various service receivers, whether improvements to service delivery have 
produced desired outcomes and people’s opinions and preferences regarding specific issues, programs, 
policies, and priorities15). 
In addition to the public asset management process explained above, strategic asset management requires 
risk management strategies at each stage of the process. Risk management is ‘an iterative process consisting of 
Planning - 
design 
Procurement 
 
Operation & 
Maintenance 
 
Disposal 
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well-defined steps, which, when taken in sequence, support better decision-making processes by contributing 
greater insight into risks and their impacts’18). Most definitions of risk management relate to the process of 
identifying, and of analysing the likelihood and impact of risk, of evaluating it, of dealing with it, and of 
monitoring and communicating information about it19). The likelihood and impact of climate change will need 
to be incorporated to allow integration of climate change adaptation in risk management strategies.  
The tools most commonly employed to measure such risks include qualitative techniques20). Webb21) called 
these 'likelihood and consequences' tools and Melton 22) described them as 'probability and impact analysis' 
tools. The quantitative measurement of probabilities or likelihoods is difficult, particularly where such 
probabilities are low. Likelihood and consequences using qualitative measures adopt criteria such as ‘low, 
medium and high’ or ‘almost certain, likely, possible, unlikely and rare’ 23); 24). The consequences of risk can be 
measured using qualitative techniques (see Table 1). Financial consequences are quantitative and are easily 
measured in terms of financial impacts on the organisation. Non-financial consequences may include the 
failure to achieve a desired outcome for a tenant, employee or stakeholder23).  
 
Table 1 A typical risk matrix using qualitative criteria of likelihood and consequences 
 
Likelihood Consequences 
Negligible Minor Moderate Major Severe 
Almost Certain  Moderate Moderate High Very High Very High 
Likely  Moderate Moderate High High Very High 
Possible  Low Moderate High High High 
Unlikely  Low Low Moderate Moderate High 
Rare  Low Low Moderate Moderate High 
Source: AusAid 24)  
 
In the asset management process illustrated in Fig. 1, multiple stakeholders can be involved. This includes 
government and private and community organisations with different roles and responsibilities. Table 2 
illustrates the generic public asset management stakeholder roles which may not necessarily be applicable to 
every situation. However, in general the government acts as the asset owner, asset manager and also the 
regulator. Government employees could be customers of public building as their work place. Consequently, 
government has significant responsibilities in ensuring the successful performance of public assets. The 
end-users include the community in general who will use the public building to seek services and to derive 
various benefits. The private sector can assist government by contributing to planning, delivery, finance and 
risk reduction as listed in Table 2.  
 
Table 2 Stakeholder roles and responsibilities in public building management 
 
Stakeholder Roles Responsibilities 
Government/ 
Government 
employees 
Asset owner Develop strategic management goals and objectives 
Asset manager Implement strategic goals through planning, delivery, operation, 
maintenance and disposal 
Regulator Develop regulations related to providing guidelines on public asset 
management and performance measurement 
Customers Optimising the usage of the public buildings to meet strategic 
management goals 
Community End-user Contribute to the cost to utilise the public buildings to meet strategic 
management goals 
Private sector Consultant Assist government to develop and implement strategic management 
goals 
Contractor  Deliver service based on contract of procurement and/or at operation 
and maintenance stage 
Insurer-financier Assist government to manage their risk by providing insurance and 
financial assistance. 
 
The next section focuses on climate change adaptation and evaluates how the roles and responsibilities of the 
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range of stakeholders involved in the management of public buildings who will need to adapt and innovate in 
view of the predicted detrimental impacts in relation to climate change.  
 
 
3. CLIMATE CHANGE ADAPTATION FOR PUBLIC BUILDING 
 
This section discusses the importance of climate change adaptation in relation to public buildings. Public 
buildings are likely to be affected by climate change due to the changing frequency of extreme weather events 
and the increase in the earth’s temperature (global warming). Climate change adaptation will need to take into 
consideration both phenomena. Adaptation is a “process by which strategies to moderate, cope with, and take 
advantage of the consequences of climatic events are enhanced, developed and implemented” 25). Adaptation 
includes “adjustment in ecological, social or economic systems in response to actual or expected climatic 
stimuli and their effects or impacts” 26). 
Wilby and Dessai27) stated that adaptation presents by advancing coping or by reducing the impact of known 
threats. Adaptation strategy relate to the coping thresholds. At a generic level, adaptation depends greatly on 
the adaptive capacity or adaptability of an affected system, region, or community to cope with the impacts and 
risks of climate change. Climate change impacts will vary depending on the form of the settlement, geographic 
considerations and the nature of the local economy25). For example, flood-proofing of public buildings will 
ensure business continuity during flood events. On the other hand, flood-proofing individual homes against 
floods as well will reduce the exposure of people who live in floodplains or low-lying coastal zones28). 
Research studies show that no single adaptation policy recommendation can be universally appropriate26).  
The conceptual framework for climate change adaptation is an iterative process of information awareness, 
planning-design, implementation, monitoring and evaluation (see Fig. 2). Fig. 2 also encompasses the asset 
management process discussed in Fig. 1 consisting of planning, procurement, operation, maintenance and 
disposal which now incorporates a climate change adaptation strategy in each step. In this process there needs 
to be a strong government intervention in providing information and regulation to enable the implementation 
of the framework. In managing public buildings, the regulatory framework may entail updating building codes, 
design standards and planning restrictions to take into consideration the impact of climate change such as for 
example, the frequency and duration of rainfall, stormwater carrying capacity, changes in wind speed25). Klein 
suggested that adaptation is a climate change mitigation strategy which needs to be integrated into the existing 
management practices29).  
 
 
 
 
 
 
 
 
Fig. 2 Climate change adaptation framework. 
Source: Adopted from Klein29) 
 
The uncertainties associated with climate change adaptation strategies relate to the risk management 
process. The early warning and preparedness systems, more resilient buildings and infrastructure, risk-averse 
land use planning, updating building codes and insurance are mainly risk management strategies30). These can 
be further categorised into risk reduction, risk avoidance, and risk transfer strategies. The early warning 
systems are a risk reduction strategy. While building more resilient buildings, risk-averse land use planning 
and updating building codes are risk avoidance strategies. Updating insurance is a risk transfer strategy. Table 
3 lists the generic climate change adaptation options, adaptation options for public buildings and their 
relationship to the risk management strategy. Adaptation of climate-related stimuli is distinguished according 
to ‘individual’s choice which includes the role of community structures, institutional arrangements and public 
policies26). Burton31) listed eight options for adaptation to climate change (shown in Table 3) or response to 
climate change which can be adapted into public building adaptation strategy.  
Public buildings are commonly designed for a life-span of 20-50 years25). The decisions for development 
and replacement or refurbishment of public buildings need to consider the changed climate in the future 
Information 
awareness 
Planning - 
design 
Imple-
mentation 
Monitoring 
and evaluation 
Procurement Operation & 
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including higher temperatures and more frequent extreme weather events. Table 3 provides adaptation options 
for public building in relation to selecting the location, building materials, new building codes and design 
standards as part of the risk management strategy. Moreover, insurance companies also play a significant role 
in this integrated risk management strategy. The public building owners and occupants may transfer the risk by 
purchasing insurance from a third party. 
 
Table 3 Adaptation to climate change options and risk management strategy 
 
Generic options for 
adaptation to climate 
change  
Adaptation options for public buildings  Risk management 
1) share the loss Updating building and contents insurance Risk transfer 
2) bear the loss The early warning systems will not prevent capital loss 
but may reduce casualties 
Risk reduction and risk 
absorbance 
3) modify threats/ events Building material selection, build flood levees Risk prevention and risk 
avoidance 
4) prevent the effects Updating building codes and design standards Risk prevention 
5) change use Risk-averse land use planning Risk avoidance 
6) change location Risk-averse land use planning Risk avoidance 
7) research Conduct research on building performance, users’ 
satisfaction and broader community impact assessment 
Risk prevention 
8) education/behavioral Publication of flood history, building simulation display 
and disaster preparedness training 
Risk and information 
awareness 
Source: (1), (31), (23), (32) 
 
Adaptation to climate change can be categorised as preventive (action prior to the event) or reactive (after 
the extreme conditions are experienced). Government has an important role to play in relation to both, 
preventive and reactive initiatives. For example, government can take action to reduce the impact of climate 
change in coastal areas by early intervention by updating building codes, design standards, planning 
restrictions and providing incentives for relocation of buildings in the disaster-prone areas29). The 
implementation of such prevention initiatives in public buildings as a climate change adaptation strategy is 
more effective and efficient than reactive actions such as post disaster repairs.  
Multiple stakeholder involvement in climate change adaptation options is evident in Table 3. The roles and 
responsibilities of government, private sector and community on building management are illustrated in Table 
2. The generic roles and responsibilities of government, private sector and community on building 
management are similar in the climate change adaptation framework as listed in Table 2. The government as 
the public building owner, manager and also regulator has an important role in developing planning legislation, 
codes, standards and guidelines to build more resilient buildings to overcome climate change impacts. For 
example, the photos in Fig. 3 show a flooded school and a class room that has been made unsafe post disaster. 
Providing more resilient school buildings will ensure appropriate service delivery without compromising the 
children’s safety.  
 
 
 
Fig. 3 Flooded school34) and an unsafe class room after flooding35) 
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The possibility exists that the climate change adaptation policy may be in conflict with other imperatives 
such as service delivery33). For example, economically the most efficient approach to implementing an 
adaptation strategy for public building management may not necessarily be the most effective or the most 
equitable26). 
In addition, public building occupants can provide significant inputs to the development and implementation 
of a climate change adaptation strategy. In a risk prevention strategy, the users’ satisfaction and broader 
community impact are explored within research options (see Table 3). The research outcomes can be employed 
to undertake building simulation and to update the building code, planning legislation and design standards. 
The implementation of a climate change adaptation strategy will rely on information dissemination and public 
education.     
Though climate change is predicted to cause extreme weather events which will potentially threaten public 
assets and particularly compromise the delivery of public services, it has been found that many public sector 
organisations have not prepared disaster management plans or business continuity plans in relation to climate 
change7). For example, in preparing contingency plans, many organisations do not include loss of buildings as 
part of the disaster management plan. In addition, commonly the disaster management plan is not 
communicated widely within the organisation. Moreover, many organisations have not provided training to 
staff on their disaster management plan7). Practical examples of these issues are discussed below in relation to 
the January 2013 floods in Queensland and the evacuation of the Bundaberg Hospital (refer to Fig. 4 and 5) and 
a similar prior evacuation of the Cairns Hospital in Queensland in preparation for Cyclone Yasi in February 
2011. It appears that the lessons learnt were not necessarily translated to tangible actions to be in readiness for 
the January 2013 floods in Queensland. 
 
 
Fig. 4 The evacuation of patients from the Bundaberg Hospital in Queensland during the January 2013 
floods36) 
 
Climate change impacts will have relatively more severe consequences on public buildings which provide 
vital utilities to large communities. Asset managers will need to prepare a disaster management plan to include 
a contingency plan and business continuity plan to increase the quality of service delivery. For example, the 
Bundaberg hospital in Queensland needed to be evacuated during the January 2013 floods in the aftermath of 
Cyclone Oswald and moved temporarily to a hanger at Bundaberg Airport. Fig. 4 shows the patient evacuation 
process at the Bundaberg hospital and Fig. 5 shows the temporary hospital that was established at the 
Bundaberg Airport.  
This evacuation was a very large-scale operation and entailed the deployment of a fleet of ambulances and 
helicopters and a large number of emergency services staff and army personnel. However, the evacuation of 
the hospital to the local airport was a decision taken during the flood emergency rather than as part of a 
well-developed disaster management plan. This was despite the fact that a similar operation was needed to be 
undertaken in 2011 in readiness for Cyclone Yasi as shown in Fig. 6. 
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Fig.5 Temporary Bundaberg hospital at a hanger at Bundaberg Airport during the January 2013 floods 37) 
 
 
 
 
Fig. 6 Inside a military plane – Cairns Hospital in Queensland being evacuated in readiness for Cyclone Yasi in 
February 201138) 
 
Therefore, in summary, the implementation of climate change adaptation and risk management strategies in 
public asset management will require the incorporation of uncertainty factors and the development of a disaster 
management plan. The reduction of potential economic life of the building and utilities may lead to a shorter 
building life cycle due to premature obsolescence. For example, with the increase in temperature and a greater 
number of hot days, the building cooling system will be subject to greater loading. The existing facilities might 
reach their technical obsolesce faster and need earlier replacement which will impact on the life cycle. 
Moreover, the occupants’ comfort and their satisfaction on the building performance will be reduced.  
Dynamic analysis which should include multiple scenario planning will be necessary for inclusion in the 
whole life cycle asset management process. Strategy development needs to take into consideration not just one 
‘bad’ situation, but the regular occurrence of extreme conditions and also global warming in the long-term. The 
building obsolescence is the failure of a building to meet the demands, requirements and expectations of the 
end users. The study undertaken by Jones39) evaluated the potential impacts of climate change induced 
obsolescence (causes and effects) on life cycle costing models. Building  maintenance and refurbishment 
strategies can be used to eliminate obsolescence and to avoid early disposal or re-development, consequently, 
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increasing the asset life. Climate change induced obsolescence will result in not just substantially more 
expensive maintenance and refurbishment, but also induce financial stress on the government as the building 
owner40). Further study to develop dynamic building performance measurement to incorporate climate change 
adaptation initiatives will provide a vital tool to develop insights and guidance for future decision-making in 
relation to the refurbishment or disposal of public buildings.  
 
 
6. CONCLUSIONS 
 
The impact of climate change is predicted to result in the increase in temperature, rising global sea levels as 
well as more frequent extreme weather events such as cyclones, storms, droughts and floods. These 
phenomena are expected to have a severe impact on public buildings which provide vital services to the 
community. Asset managers need to prepare disaster management plans to include a contingency plan and a 
business continuity plan to increase the quality of public service delivery. Climate change adaptation needs to 
be included in public building management and risk management strategies to be developed.  
The integration of public building management with climate change adaptation and risk management are 
discussed in the paper. Public building management includes the building life cycle from planning, 
procurement, operation, repair, maintenance and building disposal. Government needs to update building 
codes and design standards taking into consideration climate change phenomenon and its adverse 
consequences. The reduction of potential economic life of buildings and utilities will require the consideration 
of shorter building life cycle due to potential premature obsolescence.  
Finally, this paper discusses the roles and responsibilities of government, private sector and community on 
building management. Public building occupants can provide significant inputs to the development and 
implementation of a climate change adaptation strategy. Further investigations need to be undertaken to 
develop dynamic building performance measurement approaches to incorporate climate change adaptation 
initiatives. Building performance analysis will also provide insight and guidance for future decision-making 
for the refurbishment or disposal of public buildings. 
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